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Fig.6

AIR FLOW VS. FAN DRIVING FORCE CHARACTERISTICS
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Fi1g.7

FAN STATIC PRESSURE EFFICIENCY (at 4300 rpm)
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Fig.8
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1
BLOWER

FIELD OF THE INVENTION

The present invention relates to a blower and a method for
determining a slit shape for a blower.

BACKGROUND OR THE INVENTION

In recent years, high-density mounting of electrical cir-
cuits has been widely used as equipment 1s miniaturized and
becomes electronic. Accordingly, because of the increase in
heat density of the electronic equipment, a blower has been
used for cooling the equipment.

For a conventional blower, as shown 1n FIG. 9, an annular
wall 2 1s formed so as to be spaced from the blade tip end
of an axial fan 1, and the axial fan 1 rotates around a shaft
4 1n a blowing state 1n which a motor 3 1s energized, by
which an air flow (air quantity per unit time) 5 directed from
the suction side to the discharge side 1s generated.

However, 1n the aforementioned blowing state, the veloc-
ity of the air flow 1ncreases on the back pressure side of the
blade tip end, and a low-energy zone due to the effect of an
inter-blade secondary flow 1s produced on the blade trailing
cdge side where the air flow 1s converted into pressure
energy. In this zone, loss 1s great, and the flow 1s liable to be
separated. The air flow 1s separated from the blade surface,
so that vortexes are produced in the separation region, by
which turbulence noise 1s increased, and the noise level and
the air flow vs. static pressure characteristics deteriorate.

This phenomenon 1s frequently found especially when a
flow resistance (system impedance) is applied to the dis-
charge flow side and when the occurrence of leakage vor-
texes at the blade tip end increases, by which the fan goes
into a stalling state.

To solve this problem, 1n a blower disclosed 1n a prior
application (Japanese Patent Application Laid-Open No.
10-18995) filedby the same applicant as that of this
mvention, a method has been disclosed 1n which air i1s
sucked to the 1nside of the annular wall through slits formed
in the annular wall 1n the blowing state to restrain leakage
vortexes at the blade tip end and rotating stall, by which the
air flow vs. static pressure characteristics are improved and
the noise 1s reduced.

FIGS. 10a to 10c show a blower as disclosed 1n Japanese
Patent Application Laid-Open No. 10-18995.

For this blower, slits 6 are formed 1n an annular wall 2
surrounding an axial fan 1. Specifically, annular plates 7.,
7., 75, 7,, 7 are laminated with spacers 8 being held
therebetween, and a slit 6 1s formed between the adjacent
annular plates of the annular plates 7., . . . 7..

FIG. 11 shows the characteristics of this blower at the
same rotational speed.

The blower with slits, 1n which air 1s allowed to flow 1n
from the outer periphery of the annular wall 2, 1s superior to
the conventional (no-slit) blower of the same size in terms
of air flow and noise at high pressures. However, the blower
with slits has a problem 1n that the air flow at low pressure
is slightly small, and the power (a value obtained by
multiplying driving torque by rotational speed, hereinafter
referred to as a fan driving force) at the time when the fan
1s driven at the same rotational speed 1s high, so that the fan
static pressure efficiency (a value obtained by multiplying
static pressure by air flow and dividing by fan driving force)
1s decreased.

SUMMARY OF THE INVENTION

An object of the present invention 1s to reduce noise and
to improve the energy efficiency of blower.
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The blower and the method for determining a slit shape 1n
accordance with the present invention realize reduced noise
and 1mproved energy elliciency of blower by properly
setting the width and the number of the slits in a blower 1n
which the slits are formed 1n an annular wall and air 1s
sucked 1nto the 1nner peripheral portion of the annular wall
through the slits as a fan rotates.

According to the present invention, the efficiency of the
blower can be enhanced, and a decrease in consumed energy
and an 1ncrease 1n cooling capacity of an equipment can be
realized.

The blower 1n accordance with the present invention 1s a
blower in which an annular wall 1s spaced from the blade tip
end of a fan, a slit for communication between the 1nner and
outer peripheral portions of the annular wall 1s formed at a
portion opposed to the blade tip end of the annular wall, and
air 1s sucked to the inner peripheral portion of annular wall
through the slits as the fan rotates. The width and the number
of slits are so set that an air flow of 20 to 40% of the
maximum air flow 1s sucked through the slits 1n a state in
which the static pressure 1s zero.

Also, the blower 1n accordance with the present invention
1s characterized 1n that 1n the case where the width of the slit
does not change 1n the radial direction, when the viscosity of
air 1s taken as 1, the inside diameter of annular wall as D,
the radial-directional length of slit as L, the width of slit as
a constant value of w, the number of slits as n, the maximum
static pressure of blower as P, __, and the maximum air flow
of blower as Q, __, the width and the number of slits are so
set that the relationship between these particulars satisfies
the following condition:

H-D-n-w?’-Pmax

4.0 <
121 L Qpnax

< 13.0

Further, the blower 1n accordance with the present mnven-
tion 1s characterized 1n that 1n the case where the width of slit
changes in the radial direction, when the viscosity of air is
taken as m, the inside diameter of annular wall as D, the
radial-directional length of slit as L, the width of slit at a
distance 1 from the inner periphery of the slit as w(1), the
number of slits as n, the maximum static pressure of blower
as P, and the maximum air flow of blower as Q_ _, the
width and the number of slits are so set that the relationship
between these particulars satisfies the following condition:

7D P

4.0 < T
1297 Or e dl
e fﬂ w(l)?

< 13.0

Still further, the method for determining a slit shape of a
blower 1n accordance with the present invention 1s charac-
terized 1n that, 1n the above-described blower, the shape of
the slit 1s so determined that an air flow of 20 to 40% of the
maximum air flow 1s sucked through the slits, so that the
aforementioned equations describing the relationship
between the particulars are satisfied.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a, 1b, and 1c¢ are a front view, a side view, and a
sectional view of an axial blower 1n accordance with the
present 1nvention, respectively;

FIG. 2 1s a sectional view showing an air flow 1n a slit;
FIGS. 3a to 3e are perspective views of samples with slits;
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FIG. 3f 1s a perspective view of a conventional blower
without slits;

FIG. 4 1s a comparison table showing experimental
results;

FIG. § 1s an air flow vs. static pressure characteristic
diagram of the samples and the conventional blower without
slits;

FIG. 6 1s an air flow vs. fan driving force characteristic
diagram of the samples and the conventional blower without
slits;

FIG. 7 1s an air flow vs. fan static pressure efficiency

characteristic diagram of the samples and the conventional
blower without slits;

FIG. 8 1s a shit portion viscosity loss vs. maximum
efficiency characteristic diagram showing the relationship
between the ratio of flow rate Q_ of air flowing in through
the slits to the maximum air flow and the maximum effi-
ciency of a fan;

FIG. 9 1s a sectional view of a conventional axial blower;

FIGS. 10a, 10b, and 10c¢ are a front view, a side view, and
a sectional view of a blower with slits, respectively; and

FIG. 11 1s an air flow vs. static pressure characteristic
diagram of a conventional blower with slits.

DESCRIPTION OF THE EMBODIMENTS

An embodiment of the present invention will be described
below with reference to FIGS. 1 to 8.

FIGS. 1a, 1b, and 1¢ show a blower with slits 1n accor-
dance with the present invention.

As shown 1n FIG. 1c, an annular wall 2 1s formed with
slits 6 for communication between the i1nner and outer
peripheral portions at a portion opposed to the blade tip end
of an axial fan 1. Also, the width w of the gap of each of the
slits 6 1s continuously changed 1n accordance with a length
L 1n the radial direction of every portion of the annular wall
2 so as to meet the condition wherein the width w of the gap
of each of the slits 1s expressed as follows, where the length
in the radial direction of every portion of the annular wall 2

s L,

w’ (1)
= Const

to make the inflow resistance at every portion approximately
equal over the whole circumference.

A negative pressure 1s produced on the back pressure side
at the blade tip end by rotating the axial fan 1, and by a
difference 1n air pressure between the inner periphery and
the outer periphery of annular wall, the inflow of an air flow
S5 directed from the slit to the inside of annular wall 1s
produced. By setting the width w of the gap of each of the
slits 6 at a proper value, the air flow flowing 1n through the
slits 6 forms a laminar flow, so that a leakage vortex 7
flowing from the positive pressure side to the back pressure
side at the blade tip end 1s mnhibited. Therefore, the separa-
tion of air flow on the back pressure surface 1s eliminated,
by which the air flow vs. static pressure characteristics are
improved and the noise 1s reduced.

However, although the blower 1n which air 1s sucked from
the outer periphery of annular wall as described above
performs better than a conventional blower at high load time
when the static pressure 1s high, it has a tendency such that
the air flow 1s inversely decreased, and the fan static pressure
cificiency 1s also decreased when the static pressure 1s low.
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In the present invention, attention has been paid to the
viscosity loss of air flow yielded at the slit portion as the
cause for this, and the viscosity loss yielded at this portion
has been elucidated theoretically, and conditions for enhanc-
ing the efficiency of blower have been derived by various
experiments.

Here, the viscosity loss yielded at the slit portion will be
explained with reference to FIG. 2.

FIG. 2 shows an air flow at the slit portion.

™

When the width w of slit 1s assumed to be sufficiently
narrow as compared with the length L 1n the radial direction
of the annular wall 2, and the 1nertia force and volume force
of air and the turbulence of air flow at the inlet and outlet of
slit are neglected, the distribution of a velocity v of air flow
in the slit shows a parabolic form as shown m FIG. 2 when
a difference 1n air pressure Ap 1s produced between the 1nner
periphery and the outer periphery of annular wall due to the
rotation of the fan.

Taking the slhit length in the radial direction as L, the
viscosity of air as 1, and the distance yin the width direction
of slit as shown 1n FIG. 2, the velocity v of air flow 1s
expressed as

(2)

By integrating this equation from y=0 to y=w, the flow rate
g. of air flowing in through a unit slit for unit time 1is
expressed as

_fwtfﬂ _w3 AP
43 = mvy_lzﬂ 7

If Ap, w>/L, and m are assumed to be constant, it is thought
that the air of the same flow rate flows 1n at every slit.
Therefore, taking the 1nside diameter of annular wall as D,
and the number of slits as n, the total flow rate Q_ of air
flowing 1n for unit time 1s expressed as

(3)

7-D-n-w AP (4)

125 L

Qs =n-D-n-g3 =

Therefore, if Ap and 1 are thought to be equal, the flow
rate Q_ of air flowing in for unit time is proportional to w>/L
and the number of slits n. At this time, since an energy loss
W, . due to viscosity (hereinafter, sometimes referred sim-
ply to as a viscosity loss) consumed in the slits for unit time
1s Ap-Q._, the viscosity loss W, __1s expressed as

loss

7-D-n-w - AP (5)

Wioss = AP- (3 = 12??L

That 1s to say, when the difference 1n air pressure Ap between
inner and outer peripheries of annular wall 1s assumed to be
constant, the viscosity loss W, __ yielded at the slit portion
1s proportional to the flow rate Q_ of air lowing 1n through
the slits, and the flow rate Q_ of air flowing 1n through these
slits increases in proportion to w>/L and the number of slits
n.

By eliminating Ap from Equation (4), Equation (5) can
also be expressed as
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12n-L-Q? (6)

w-D-n-w

foss —

If the flow rate Q. of air flowing 1n through the slits is
determined by a method 1n which, for example, the flow rate
of air around the slit 1s measured, the energy loss W, ___ due
to viscosity consumed 1n the slits of an actual blower can be
calculated simply by usmg this equation.

Although the difference 1n air pressure Ap between 1nner
and outer peripheries of annular wall has been assumed to be
constant in the above description, actually, the difference in
air pressure Ap between inner and outer peripheries of
annular wall changes slightly depending on the flow rate Q_
of air flowing 1n through the slits. Also, by the effect of
pressure loss at the inlet and outlet of slit, the energy loss
consumed 1n the slit becomes slightly higher than the
aforementioned calculated value. However, the energy loss
W, __ due to viscosity consumed 1n the slits can surely be
decreased by making w”/L and the number of slits n as small
as possible and thereby decreasing the flow rate Q_ of air
flowing 1n through the slits.

However, if the width w of slit and the number of slits n
are decreased too much, the effect of inhibiting fan stall,
which 1s the most significant feature of the blower 1n which
air 1s sucked from the outer periphery of annular wall,
described before 1s lost. Actually, therefore, the mnhibition of
fan stall and the decrease 1n energy loss due to viscosity are
conilicting features.

Thereupon, 1 the present invention, to find the optimum
point where two features of the mhibition of fan stall and the
decrease 1n energy loss due to viscosity are balanced, five
blowers of No. 1 to No. 5 shown 1n FIGS. 34 to 3¢, in which
the width w of slit and the number of slits n are changed
based on the blower which 1s being mass-produced at
present, were manufactured on an experimental basis, and
the characteristics thereof were evaluated. FIG. 3f shows a
conventional blower without slits. The external size of all of
these blowers 1s 60 mmx60 mmx25.5 mm.

In these blowers, the flow rate Q_of air flowing 1n through
the slits 1s regulated by changing the width w of slit and the
number of slits n, so that setting 1s made such that the air
flow of ratios of about 27.0%, 29.5%, 35.5%, 41.7%, and

48.5% of the maximum air flow 1s sucked through the slits
in a state 1n which the static pressure 1s zero.

The width w of slit and the number of slits n of each
blower, and the flow rate Q_ of air flowing 1n through the
slits are as given 1n the table shown in FIG. 4.

FIGS. § to 7 show the characteristics in the case where
these blowers are driven at the same rotational speed.

FIG. § 1s an air flow vs. static pressure characteristic
diagram for these blowers.

As shown 1n FIG. 5, these blowers have approximately
equal maximum air flow, and have a tendency such that the
air flow 1n the vicinity of the maximum static pressure
decreases with decreasing the flow rate Q_ of air flowing in
through the slits.

The reason

for this 1s that as the static pressure increases,
the attack angle of blade increases and fan stall is prone to
occur, so that the eff

ect of 1nhibiting fan stall 1s lessened as
the low rate Q_of air flowing 1n through the slits decreases.

FIG. 6 1s an air flow vs. fan driving force characteristic
diagram for these blowers.

As shown 1n FIG. 6, the air flow vs. fan driving force
characteristics are almost constant regardless of the air flow,
and have a tendency to decrease as the flow rate Q_ of air
flowing 1n through the slits decreases. This i1s because the
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blower 1n which the flow rate Q_ of air flowing 1n through
the slits 1s decreased has a low energy loss W, __ due to
viscosity yielded in the slit, so that the fan driving force
decreases at the same rotational speed.

FIG. 7 1s an air flow vs. fan static pressure efficiency
characteristic diagram for these blowers.

As shown 1n FIG. 7, the peak value of the air flow vs. fan
static pressure efliciency curve, that 1s, the maximum efli-
ciency 1s the highest 1n the case of No. 3 blower, in which
the ratio of the flow rate Q_ of air flowing in through the slits
to the maximum air flow 1s 35.5%.

Also, 1t 1s found that there 1s a tendency for the operation
point at the time of the maximum efliciency to shift to lower
pressure as the tlow rate Q_ of air lowing 1n through the slits
1s decreased. This 1s because the blower 1n which the flow
rate Q_ of air flowing 1 through the slits 1s decreased
compensates poor air flow vs. static pressure characteristics
at high pressures with a lower fan driving force.

FIG. 8 1s a graph showing the relationship between the
ratio of flow rate Q_ of air flowing 1n through the slits to
maximum air flow and the static pressure efficiency of the
fan.

As shown m FIG. 8, it can be verified that there 1s a
tendency for the efficiency to decrease even if the ratio of
flow rate Q_ of air flowing 1n through the slits to the
maximum air flow moves to either side from the peak of
about 35%.

No. 3 blower, 1in which the ratio of tlow rate Q_ of air
flowing 1 through the slits to the maximum air flow 1is
35.5%, having the highest efficiency among the aforemen-
tioned blowers, achieves an 1ncrease 1n efficiency as high as
about 30% as compared with the conventional blower hav-
ing no slit in the annular wall.

In blowers of various external sizes from 40 mmx40
mmx20 mm to 120 mmx120 mmx38 mm on which experi-
ments were carried out at the same time, when the Hlow rate
of air flowing 1n through the slits 1s changed in the same
manner, a point where the static pressure efficiency is at the
maximum 1s present as shown in FIG. 8. The observed facts
being put together, 1t was verified that in the blower with
slits having an external size on which experiments were
carried out, the efficiency can be maximized 1n a range of
ratio of flow rate Q_ of air flowing in through the slits to
maximum air flow of 20 to 40%.

Therefore, 1n order to balance the fan stall inhibiting effect
due to the air flow flowing in through the slits with the
viscosity loss yielded 1n the slits, the ratio of flow rate Q_ of

air flowing 1n through the slits to maximum air flow must be

20 to 40% regardless of the shape of fan and the size of
blower, etc.

If the flow rate Q_ of air flowing 1n through the slits 1s
decreased too much to decrease the viscosity loss W,
yielded 1n the slits, fan stall occurs, so that the air flow vs.
static pressure characteristics are deteriorated, thereby
extremely deteriorating the efficiency at load.

Inversely, if the flow rate Q_ of air lowing 1n through the
slits 1s increased too much, although fan stall 1s eliminated,
the viscosity loss W, ___vielded in the slits increases, so that
the total efficiency of blower 1s lowered.

The conditions for making the ratio of flow rate Q_ of air
flowing 1n through the slits to maximum air flow 20 to 40%
will mow be considered.

For a general axial blower, since the difference 1n air
pressure Ap between nner and outer peripheries of annular
wall 1s about 3 to 5% of the maximum static pressure P,
of blower, the tlow rate Q_ of air flowing 1n through the slits

has a relationship expressed, from Equation (4), as




US 6,133,196 Bl

7

7-D-n-w-0.03 P {H-D-n-w3-0.05-Pmﬂ (7)

= =
12 L Os 12 L

Since the ratio of flow rate Q_ of air flowing 1n through the
slits to maximum air flow Qmax should be 20 to 40% (that

is, 0.2Q,___=Q_=0.4Q, ), taking the maximum air flow of
blower as Q i

by making setting so that a relationship of

FRLEEX?

(3)

m-Dn-w Py

4.0 <
= 127?'L'Qma};

< 13.3

holds, the effect of inhibiting fan stall and the viscosity loss
yielded 1n the slit are balanced, by which the most efficient
blower of the same size can be provided.

For example, 1n case of a blower having an external size
of 90 mmx90 mmx25.5 mm, when calculation 1s made by
using the above equation, since the inside diameter D of
annular wall is 86 mm (0.086 m), the length L in the radial
direction of annular wall 1s 8 mm (0.008 m), the viscosity n
of air is 18.2x107> Pa-s, the maximum static pressure P,
of blower 1s 40 Pa, and the maximum air flow Q, _ of
blower is 0.025 m>/s, when the number of slits n is taken as

4, by substituting the numerals into Equation (8),

3.14 x0.086 x4 x w® x40 (9)

4.0 < — < 13.3
12%1.82x 1072 x0.008x%0.025

can be obtained. By rearranging, w 1s expressed as

0.00159=w=0.0238 (10)

That 1s to say, the width w of the gap of slit must be set 1n
the range of 1.59 mm to 2.38 mm.

Also, when the blower 1s used by being incorporated 1n
cquipment, the consumed energy of blower 1s kept at the
minimum under the same blowing conditions, by which the
consumed energy of the whole equipment can be decreased.
Also, when the consumed energy of blower 1s made equal,
the blowing capacity of blower 1s increased, so that, an effect
of, improving the cooling capacity of equipment can be
achieved.

In the atorementioned No. 1 to No. 5 samples, the width
of slit does not change in the radial direction. However,
when the width of slit 1s changed 1n the radial direction to
make the mnflow resistance of every portion approximately
equal over the whole circumference as 1n the case of a
blower disclosed in the prior application (Japanese Patent
Application No. 9-359593) filed by the same applicant as
that of this invention, the same calculation as that of the
above-described embodiment 1s performed although the
calculation becomes somewhat complex. Finally, when the
length of air flow direction from the inner periphery to the
outer periphery of annular wall 1s taken as L, and the width
of slit at a distance 1 from the mner periphery of the slit as
w(1), by making setting so that a relationship of

7-D-n- Phax

L ]
127 Oy x dl
e fﬂ w(l)

(11)

4.0 < < 13.3

holds, the ratio of flow rate Q_ of air flowing 1n through the
slits to maximum air flow becomes 20 to 40%, so that the
cifect of inhibiting fan stall and the viscosity loss yielded in
the slit are balanced, by which the most efficient blower of
the same size can be provided.
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As described above, according to the configuration of the
present invention, the effect of inhibiting fan stall due to the
air flow through the slits and the energy loss due to viscosity
of air yielded 1n the slit are balanced, by which the efficiency
of blower can be 1mproved.

What 1s claimed 1s:

1. A blower having an annular wall spaced from a blade
tip end of a fan and at least one slit formed 1n a portion
opposed to the blade tip end of the annular wall for com-
munication between 1nner and outer peripheral portions of
the annular wall so that air 1s sucked to the inner peripheral
portion of the annular wall through the slit as the fan rotates,
wherein

the width and the number of slits are so set that an air flow
of 20 to 40% of the maximum air flow 1s sucked
through the slits 1n a state 1n which the static pressure
1S Z€ro.

2. The blower according to claim 1, wherein when the
viscosity of air 1s taken as 1, the inside diameter of the
annular wall as D, the radial-directional length of each slit
as L, the width of each slit as a constant value of w, the
number of slits as n, the maximum static pressure of the
blower as P, __, and the maximum air flow of the blower as
Q, ., the width and the number of slits are set so that the
relationship between these particulars satisfies the condition

of

m-Dw Py

4.0 <
= 127? - L - Qmax

< 13.3.

3. The blower according to claim 1, wherein when the
viscosity of air 1s taken as 1, the inside diameter of the
annular wall as D, the radial-directional length of each slit
as L, the width of each slit at a distance 1 from the 1nner
periphery of the slit as w(1), the number of slits as n, the
maximum static pressure of the blower as P, __, and the
maximum air flow of the blower as Q,___, the width and the

number of slits are set so that the relationship between these
particulars satisfies the condition of

7-D-n- P

4.0 < T
1297 Or e dl
e fg w(l)’

< 13.3.

4. A method for determining a slit shape for a blower
having an annular wall spaced from a blade tip end of a fan
and a slit formed at a portion opposed to the blade tip end
of the annular wall for communication between inner and
outer peripheral portions of the annular wall so that air is
sucked to the inner peripheral portion of the annular wall
through the slit as the fan rotates, wherein

the shape of the slit 1s so determined that an air flow of 20
to 40% of the maximum air flow 1s sucked through the
slit 1n a state 1n which the static pressure 1s zero.

5. The method for determining a slit shape for a blower
according to claim 4, wherein when the viscosity of air 1s
taken as 1, the 1inside diameter of the annular wall as D, the
radial-directional length of the slit as L, the width of the slit
as a constant value of w, the number of slits as n, the
maximum static pressure of the blower as P, __, and the
maximum air flow of the blower as Q, _, the shape of the
slit 1s determined so that the relationship between these
particulars satisfies the condition of
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blower as P and the maximum air How of the blower as

7D-w P Q. _, the shape of the slit 1s determined so that the rela-
40 = 27 L O 133 tionship between these particulars satisfies the condition of
o _ 5 7D P
6. The method for determining a slit shape for a blower 40 = 2 = 13.3.
according to claim 4, wherein when the viscosity of air 1s 127+ Omax fﬂ e al

taken as 1, the 1inside diameter of the annular wall as D, the
radial-directional length of the slit as L, the width of the slit

at a distance 1 from the inner periphery of the slit as w(1),
the number of slits as n, the maximum static pressure of the # ok ok ok
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